Background
The hands of health care workers (HCWs) become contaminated by pathogens and the risk for contamination increases-linearly with time on hands during patient care. 1 Therefore, cross transmission of microorganisms by the hands of HCWs is considered to be the most likely means of transmission of hospital-acquired infection. 2, 3 This risk can be minimized through thorough hand washing and the use of gloves. Gloves are worn to protect the hands from contamination with organic matter and microorganisms, and to reduce the risks of transmission of microorganisms from HCWs to patients and vice versa. 4, 5 Gloves should be worn for invasive procedures, any contact with sterile sites, non-intact skin, mucous membranes and exposure to blood, all other body fluids and sharp or contaminated instruments. 6, 7 Two prospective controlled trials provided evidence that wearing gloves can help reduce transmission of pathogens in healthcare settings. 8, 9 In addition, the efficacy of gloves in preventing contamination of HCWs' hands has been confirmed in several observational studies. [10] [11] [12] However, gloves do not provide complete protection against hand contamination. Bacterial flora from patients was found on the hands of up to 30% of HCWs who had worn gloves during patient contact. 1, 10 Bacteria can gain access to the HCW's hands via small defects in gloves or by contamination of hands during glove removal. [13] [14] [15] Gloves often leak during use and, in fact, may leak before use. 16 Gloves must be worn as single-use items, and changed between different patients and between different care/treatment activities on the same patient to prevent cross-contamination of body sites . 4, 5, 7, 17 Nevertheless, inappropriate use of gloves is observed regularly worldwide. Three observational studies found that healthcare workers did not always remove gloves after previous care and gloves were not always changed between contact with each patient. 18, 20 Furthermore, one observational study demonstrated that gloves were overused in healthcare environments. 20 The unnecessary and inappropriate use of gloves results in a waste of resources and may increase the risk of cross transmission. In addition, inappropriate use of gloves increases the wearer's exposure to the chemicals and accelerants in the glove material, which can result in skin sensitization or inability to work. 5 Preventing cross contamination of hands by using gloves is considered important because hand washing or hand antisepsis may not remove all potential pathogens when hands are heavily contaminated. 20, 21 Although gloves offer protection, they do not provide complete protection against hand contamination, therefore, hands should always be decontaminated after glove removal. 22 Hand hygiene following glove removal further ensures the hands will not carry potentially infectious material that might have penetrated through unrecognized tears or that could contaminate the hands during Inappropriate use of gloves among HCWs refers to the use of gloves when not indicated which represents a waste of resources and may increase the risk of cross-transmission. It also refers to HCWs failing to remove gloves between patients or failing to change gloves during the care of a single patient, thus facilitating the spread of microorganisms.
Adherence to hand hygiene among HCWs refers to readily acting in accordance with the guideline for hand hygiene in the care of all patients. Adherence to the guideline is defined as either washing the hands with soap or antiseptic and water or rubbing the hands with alcohol-based solutions.
Inclusion criteria

Types of participants
This review considered studies that included healthcare workers.
Types of intervention
The review considered studies that evaluated glove utilization.
Types of outcome measures
The outcomes of interest included:
Contamination of HCWs' hands was measured for example as the number of bacterial colonies grown from the fingertips of the HCW's dominant hand at the end of the observation period.
Transmission of infections was measured as hospital-acquired infection transferred from one patient to another via contaminated gloved hands. The potential for microbial transmission is defined as an instance where gloves contacted mucous membranes, patient skin, moist body substances or environments and gloves were not changed before performing a care necessitating strict aseptic precautions on the same patient or another patient.
Adherence to glove usage was measured as the number of observations of correct performance per number of observations of glove usage opportunities.
Inappropriate use of gloves was measured as the number of observations of gloving when not indicated or failure to remove gloves between patients and to change gloves during the care of a single patient.
Adherence to hand hygiene measured for example as the number of observations of correct performance per number of observations of hand hygiene opportunities.
Types of studies
This review considered any randomized clinical trial (RCT) that evaluated the use of gloves in the prevention of cross transmission. In the absence of RCTs, other research designs such as before and after studies, descriptive or observational studies were considered for inclusion in order to identify the best available evidence related to the rates of adherence to glove usage in caring for patients and the inappropriate use of gloves. All studies identified from the databases searched were first assessed for relevance to the review using a study eligibility tool developed by reviewers (Appendix I). Full reports were only retrieved for relevant studies that met the inclusion criteria as assessed independently by two reviewers. Any discrepancies in reviewer selections were resolved at a meeting between reviewers prior to selected articles being retrieved. Studies meeting the inclusion criteria were submitted to critical appraisal.
Initial keywords or terms included:
Gloves, transmission, infection, adherence, appropriate, inappropriate, hand hygiene Search for grey literature
The grey literature search consisted of conducting an online search of databases and websites including:
Assessment of methodological quality
The retrieved articles were assessed by two independent reviewers for methodological validity using standardized critical appraisal instruments from the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI) (Appendix II). Any discrepancies raised between the reviewers were resolved through discussion between the reviewers.
Data collection
Data were extracted from relevant studies using the data extraction tools developed by JBI-MASTARI (Appendix III).
The data extracted included specific details about the interventions, populations, study methods and outcomes of significance to the review in question and specific objectives. Attempts were made to contact authors of primary studies to include any missing data or for clarification.
Data synthesis
Meta-analysis of quantitative data was not possible as all studies were heterogeneous in design and results. Therefore, the evidence is presented in narrative summary form and tables.
Review results
Description of studies
Study selection
The initial search on the basis of keywords yielded a total of 2243 papers. Search results for the five major databases are included in Appendix V. A diagrammatic flow chart outlining the process of study inclusion for this review is presented in Figure 1 . [43] [44] and one each were conducted in Hong Kong, 40 Switzerland, 46 Italy, 47 Iran, 52 and Thailand. 58 The interventions were the use of gloves. Three studies reported outcomes on contamination rates, 10, 55, 57 one study reported outcomes on adherence to glove utilization, 58 and one study reported outcomes on hand hygiene. 
Methodological quality
Methodological quality of quasi-experimental studies
All of the five quasi-experimental studies met five of the ten quality criteria (Table 1) . Three studies used convenience sampling or purposive sampling depending on the availability of the healthcare workers who worked in the study units. None of the subjects withdrew from these studies. All studies did not blind to the treatment allocation from those assigning outcomes and did not conceal the allocation to treatment groups from the allocator. However, the outcomes were assessed using objective criteria and in a reliable manner in all of the studies. Appropriate statistical analysis was employed in all studies. 
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Methodological quality of descriptive studies
All of the 18 descriptive studies met four of the nine criteria. All studies were cross-sectional studies with no participants withdrawing from the studies. In all studies, appropriate statistical analysis was used and outcomes appeared to be measured using objective criteria and in a reliable way. In five studies, attempts were made to control confounding factors and ensure that strategies to deal with them stated.
Systematic review findings
The study findings are presented according to the four objectives set out in this review. All findings are presented in a narrative summary in the order described under review objectives.
Glove usage prevents the contamination of HCWs' hands and reduces cross transmission
Meta-analysis was not possible as all nine studies were heterogeneous in design due to the wide range of outcome measures. Therefore, the evidence is presented in a narrative summary and among those who did. In addition, a study by Morgan et al. 50 found that protective gloves reduced the incidence of transfer of MDR A. baumanii to the hands of HCWs eight-fold, from 36.2% to 4.5%.
However, gloves were contaminated more frequently than gowns. The type and duration of care and the use of gloves significantly predicted bacterial hand contamination. 46 Therefore, gloves reduced the risk of acquisition of bacteria on the HCWs' hands by 71%. 10 However, the use of gloves did not fully protect HCWs' hands from bacterial contamination because three studies 10, 46, 50 found that the hands of HCWs after glove removal were contaminated with microorganisms. In addition, a study by Girou et al. 18 demonstrated that microbial transmission might have occurred in 18.3% of all contact because used gloves were not removed before performing care activities.
Three studies documented the risk factors associated with the acquisition of pathogenic organisms on gloves during patient care. Tenorio et al. 10 found that duration of contact with a patient's body fluids, presence of diarrhea in a patient, mean VRE colony counts on a patient's skin, and the number of patient body sites colonized with VRE were associated with the acquisition of VRE on gloves. A study 57 This demonstrated that the risk of acquiring VRE was 2.5-fold higher when gloves alone were used as the barrier precautions. 55 demonstrated that HCWs in the routine glove use section were significantly more likely to wear gloves than in the contact isolation precautions (61% vs. 44%, p=.03). In addition, a study by Trick et al. 56 found that HCWs at the intervention hospital were more likely to protect themselves from microbial contamination by wearing gloves compared with HCWs at the control hospital. In the study the intervention at the hospital involved increasing the availability of alcohol-based hand rub, and the implementation of an interactive education program and a poster campaign.
The rates of adherence to glove utilization among HCWs
The inappropriate use of gloves among HCWs
It was demonstrated that gloves were overused and often misused. The major break in compliance with glove use was failure to change gloves between procedures on the same patient (from contaminated to clean procedure). A study by Flores et al. 7 found that gloves were overused. They were worn for tasks that were not recommended for use such as collecting equipment, talking to the patient, answering the phone and writing notes. However, nurses overused gloves significantly less than doctors and healthcare assistants. Furthermore, a study by Chau et al. 40 demonstrated that HCWs were observed wearing three pairs of gloves at one time and removing one pair after each procedure. However, a study by Assawapalanggool et al. 58 in Thailand demonstrated that after implementing a gloves usage promotional program, the proportion of correct practice on gloves usage among nurses increased significantly from 41.3% to 99.4% (p < .001).
The impact of wearing gloves on adherence to hand hygiene among HCWs
Three studies showed that glove use is positively associated with subsequent hand disinfection. 25, 47, 56 In contrast, two other studies found that the adherence to hand hygiene after contact without gloves was significantly higher than after contacts with gloves worn. [41] [42] Meta-analysis was not possible as all five studies were heterogeneous in results.
Inappropriate glove use adversely affects adherence to hand hygiene protocols. Four studies found that the continued use of gloves without removal after contact resulted in performing procedures without adequate hand hygiene. 7, 18, 25, 40 Compliance with hand hygiene after gloving was significantly higher after a single contact or at the end of a series of successive contacts compared with inside series (92.5%
vs. 32.5%, p< 10 -7
). 51 It was found that compliance with hand hygiene before gloving was 16.1%, 43 and after removal of gloves was 51.5% 18 -80.0%. 43 In addition, the proportion of missed hand hygiene 53 demonstrated that appropriate glove usage was an independent significant predictor of hand hygiene compliance. However, this study did not separately analyse glove removal and hand hygiene after removal. A study by Girou et al. 18 also indicated that poor compliance with glove change during patient care was identified as an independent factor for non-compliance in hand hygiene.
In addition, Eveillard et al. 41 demonstrated that compliance with hand hygiene could be improved by avoiding non-indicated glove usage in only 11.0% of contacts.
A study by Trick et al. 56 found that implemenation of a multimodal intervention program resulted in a sustained increase in adherence to hand hygiene among HCWs. By multivariable analysis, hand hygiene performance was more likely after glove use (adjusted OR = 2.0; 95% CI, 1.7-2.2, p<.001).
Discussion
Gloves are the most common type of personal protection used in healthcare settings. The correct use of gloves in healthcare is part of standard precautions. The aim of wearing gloves is to reduce the risk of cross-transmission from healthcare workers to patients and vice versa, to reduce transient contamination of the hands by microorganisms that can be transmitted from one patient to another, 6 and to protect users' hands from certain chemicals. 7 Gloves appear to be a practical means of preventing transient hand contamination and cross-transmission, 6,59-60 especially during control of outbreaks. Furthermore, the Centre for Disease Control and Prevention (CDC) recommends contact precautions, including the use of gloves in the care of hospitalized patients infected or colonized with MDR organisms. 6 Gloves must be worn when it can be reasonably anticipated that contact with blood or other potentially infectious materials, mucous membranes or non-intact skin will occur. In addition, they must be worn when handling sharp or contaminated instruments.
This review showed that HCWs were as likely to have contaminated their hands or gloves after touching the environment in a room occupied by a patient colonized by bacteria as they were after touching the colonized patient and the patient's environment. It was found that both commensal and pathogenic bacteria accumulate on gloves during the process of care. HCWs must be aware that contaminated gloves may facilitate cross-transmission when not appropriately removed, 61 particularly following activities associated with high bacterial load. In addition, HCWs' hands became progressively more contaminated with potential pathogens during patient care and a longer duration of care was associated with greater levels of contamination.
This review demonstrated that wearing gloves was associated with a marked reduction in bacterial contamination of hands. Gloves were effective in protecting hands from contamination but the protection from gloves was incomplete. Gloves can have tiny perforations and bacteria can gain access to the caregiver's hands via small defects in gloves. Furthermore, the hands of HCWs might be contaminated with microorganisms after glove removal. This review found evidence that theuse of cover gowns, in addition to gloves, decreased nosocomial transmission of VRE. Thus, routine glove use should be implemented in long term care facilities as an alternative to contact-isolation precautions, even for care that involves contact with the intact skin of patients who may be colonized with VRE.
However, glove use carried some disadvantages, including generating extra costs, which could pose a major problem for many settings, especially in countries with limited resources. The correct use of gloves is vital in healthcare settings. However, compliance with glove use among healthcare workers was poor, with rates of 61.2% being reported. The percentage of occasions in which gloves were not worn when indicated underscores the significant risk of contamination of HCWs with pathogens from blood or other body fluids. Reasons for non-compliance with glove use were inconvenience, non-necessity and unavailability of gloves. In addition, it was reported that gloves were overused and often misused. Gloves were worn inappropriately for tasks that did not necessitate their use. HCWs often removed gloves after a single contact, but they were less likely to change gloves between procedures, particularly those conducted on the same patients. Failure to remove or change gloves after each patient contact or between dirty and clean body site care on the same patient was regarded as non-compliance with recommendations and facilitates the spread of microorganisms because glove contamination might occur during care activities.
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Overuse of gloves might have been due to a belief that glove use obviated the need for hand hygiene.
HCWs might wear gloves with the primary intention of protecting themselves and not the patient and might be unaware that contamination on gloves occurred just it did on hands. The unnecessary and inappropriate use of gloves resulted in a waste of resources and might increase the risk of cross-transmission. Furthermore, inappropriate use of gloves could increase the healthcare worker's risk of contracting skin problems on the hands, such as contact dermatitis. However, it was found that after implementation of a glove usage promotional program, the incidence of correct use of gloves usage among nurses increased significantly. Therefore, education and reinforcement of proper glove use among HCWs was needed.
Glove use is not a substitute for hand hygiene. Gloves should be changed between patient contacts and hands should be cleaned before putting on gloves and immediately after removing gloves. [4] [5] [6] [7] However, it was unclear if glove use modified compliance with hand hygiene among HCWs, as published studies yielded contradictory results. This might be a result of the difference among studies including the number of units studied or hospitals, definitions regarding the indications for glove use, and the assessment of hand hygiene in association with glove wearing. Most studies assessed hand hygiene compliance before or after patient contact only, with only one study assessing both. Therefore, a validated comprehensive assessment of glove use and its associated hand hygiene behaviors is needed and would be useful in helping with the development of interventions to improve the rate of hand hygiene compliance when gloves are worn. However, it was found that inappropriate glove use might be a contributing factor in poor hand hygiene compliance. HCWs might have felt that wearing gloves not only protected them from the pathogens on patients but also protected patients from the pathogens on healthcare workers' hands and that this obviated the need for hand disinfection. HCWs might erroneously believe that glove use alone was sufficient to limit the spread of micro-organisms . This demonstrated the importance of HCW conformity with guidance on use of gloves and hand hygiene.
Promoting alcohol hand rubs offer a unique opportunity to revise healthcare behavior towards gloves as hands can be immediately disinfected after use. However, the application of hand disinfectants to glove is not recommended as gloves are single-use medical devices. Cleansing of gloves could reduce the integrity of the material and this could reduce the protection normally afforded by the glove. Therefore, improving glove usage is not in itself an alternative strategy to improved hand hygiene compliance. It seems that hand hygiene and glove use may be governed by different behavioral determinants. Hand This review found a suboptimal rate of compliance with glove use among HCWs. Gloves were also overused and often misused. HCWs often failed to remove gloves between patients or between contacts with various sites on a single patient, therefore facilitating the spread the microorganisms.
Failure to change or remove contaminated gloves was a major factor for the poor compliance with hand hygiene and could increase the risk of cross transmission via contaminated gloved hands. It was unclear if glove use modified compliance with hand hygiene among HCWs, as published studies yielded contradictory results.
Implications for practice
This review supports recommendations for HCWs to wear gloves when participating in patient care activities in order to prevent contamination of HCWs' hands and to reduce transmission of micro-organisms. Gloves should be worn with the gown during care of patients with multidrug-resistant microorganisms and touching an inanimate surface in the patient's room as these pose a high risk of hand contamination. In the absence of a program to screen and isolate residents, long-term care facility residents should be treated as if they were colonized with an antimicrobial-resistant organisms and glove use for HCW contact with residents must be stipulated as an alternative to contact-isolation precautions. Nevertheless, the glove surface itself can become heavily contaminated during patient care, and pathogens can be transferred from the gloves of health care workers to patients and/or environmental surfaces. Therefore, gloves should not be reused between patients. Healthcare workers should be reminded that failure to remove gloves between patients or when moving between different body sites of the same patient may contribute to the transmission of organisms. Careful attention should be paid to the use of medical gloves according to indications for donning, but also for their removal. This review strengthens recent suggestions to promote hand hygiene action immediately after glove removal and to change gloves between care of different body sites for the same patients. Interventions to improve the use of gloves in healthcare settings should be included in staff education and training, emphasizing the appropriate use of gloves and the importance of adherence to hand hygiene guidelines.
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It is important that all HCWs have a clear understanding of which gloves are to be used in which situations and which procedures do not require the use of gloves.
Implications for research
The following priorities for further research have been identified:
1. There is a need for further studies with consideration for the behavioral determinants of glove use to elucidate those attitudes toward glove use and removal that have a considerable impact on appropriate glove use.
2. Promoting strategies to reduce misuse and overuse of gloves among HCWs who are poor compliers to glove use could be evaluated.
3. Large randomized controlled trials are required to better assess the effect of glove use on adherence with hand hygiene among HCWs.
4. Further study evaluating the causal association between the dynamics of gloved-hand contamination and the risk of healthcare-associated infection among patients need to be undertaken.
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